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TECHNICAL MEMORANDUM X-64902

CVT/GPL PHASE 111 INTEGRATED TESTING

SUMMARY

This report was compiled by Marshall Space Flight Center's ( MSFC)
Test Laboratory and Systems Analysis and Integration Laboratory, with con-
iributions by Ames Research Center Life Sciences specialists, and presents the
results of the Phase III Concept Verification Testing/General Purpose Labora-
tory (CVT/GPL) integrated test. The hardware for 10 candidate Shuttle pro-
gram life sciences experiments was installed in the GPL and experiments were
conducted during a 5-day simulated Spacelab mission. The experiments
involved humans, primates, rats, chickens, and marigold plants. All experi-
ments were completed to the satisfaction of the experimenters. In addition to
the scientific data gathered for each experiment, information was obtained
concerning experiment hardware design and integration, experiment procedures,
GPL support systems, and test operations.

I. INTRODUCTION

The third in a series of concept development tests, utilizing the Mark-I
GPL, ! was completed at MSFC during the week ending July 19, 1974. The GPL
provides a means of investigafing experiment hardware interface and support
requirements, assessing documentation requirements, and testing operational
procedures under physical constraints similar to those expected for Spacelab.
The purpose of this test was to implement Spacelab experiment integration and
operations concepts in the GPL to accommaodate a dedicated life sciences pay-
load from the Ames Research Center (ARC). Prior to this test, the ARC life

1. Two GPL simulators, the Mark-I and Mark-II, have been developed to sup-
port CVT. Both simulators are cylinders 7.3-m (24-ft) long and 4.3 -m (14 ft)
in diameter. The Mark-]l has an offset floor on the centerline of the cylinder
which provides two working levels. The Mark-II has a single floor located

1.1 m (3.7 ft) below the cylinder centerline. The Mark-II will be used in future
CYT/GPL tests.



sciences payload had been installed and tested in an integration fixture at ARC
to establish equipment layout and interface requirements for subsequent instal-
lation in the GPL. The use of an integration fixture minimizes the need for

dry run operations, as normally practiced in the Convair 990 (CV990) program.?

The general objective of ARC was to scope the problems associated with
10 candidate Spacelab experiments in the areas of medical research, subhuman
primate research, and radioisotope tracer studies in a variety of organisms.
The general objective of MSFC/CVT was to assess the impact of the ARC can-
didate experiments on a simulated payload carrier system. The objectives of
Phase III with respect to experiment infegration, operations, experimentation,
and facilities were as follows:

1. Experiment Integration: Investigate the utility of an experiment
integration fixture concept.

2. Operations:
e Investigate test specimen transfer operations
e Agsess GPL communications
e Assess photo and video documentation of test activities

e Investigate principal investigator/payload specialist operational
interface

e Identify non-scientific crew functions
® FEvaluate test preparation activities

¢ Assess stowage and maintenance requirements

2. Candidate experiment integration and flight operations designed to study
Spacelab-type experiment missions are carried out, using a Convair 990, under
the direction of the Airborne Science Office, Ames Research Center. The
experiment integration concepts of both the CV990 and CVT/GPL are being
studied in support of the Shuttle program.



3. Experiments:

e Perform experiments according to protocels and schedules
planned for a b-day mission.

e Investigate payload specialist concept.
4, Facilities:
e Assess GPL power consumption and environmental control.

e Identify candidate experiment support/GPL systems design
requirements.

e Investigate ground facility concepts for specimen holding.

GPL/Life Sciences Experiment integration requirements for this test
were defined and implemented through a coordination effort initiated between
ARC and MSFC several months prior to the test. This effort resulted in an
extremely successful test mission with no major experiment hardware inte-
gration problems,

The test simulated a five-day ( eight-hour work day) Spacelab mission
with a crew of three payload specialists and a crew chief. Three ARC life
sciences researchers performed as payload specialists, each conducting several
experiments. The payload specialists exercised experiment protocols provided
by candidate investigators. An MSFC systems integration engineer, familiar
with the GPl. and experiment support systems, performed as the crew chief;
interfacing and coordinating between the payload specialists, test conductor,
and GPL facilities personnel as required throughout the mission to maintain
operations and obtain documentary data. A host of candidate experiment inves~
tigators and co-investigators provided ground support to the crew through the
GPL television and audio communications sysfems, A list of the candidate
experiments and the individuals associated with each is given in Appendix A.

This report describes the test facility, the experiment integration
process, and test operations; presents observations concerning GPL/experiment
integration and support systems; and provides a general description of experi-
ment results. Scientific reports are the responsibility of individual
investigators.



1. APPROACH

A. Test Facility

The test facility included the GPL and pallet assembly ( Fig. 1), and
external facilities for test control, data handling, utilities, and a bioclean
environment. A schematic of the GPL/pallet and the external support facilities
is given in Figure 2.

1. GPL/Pallet Assembly. The GPL is a test enclosure which is con-
figured to be representative of Spacelab geometry and permit functional simula-
tion of Spacelab-type missions. It is equipped with experiment support and
interface hardware to accommodate a wide variety of candidate experiment
equipment and to maintain appropriate environmental conditions during simulated
mission operations. The GPL has a 4.3-m ( 14-ft) external diameter, a 4.1-m
(13.5-ft) internal diameter, and a length of 7.3 m (24 ft). It contains two
levels, divided by an offset floor, where experiment workstations are located
as required for a given mission. The floors are designed to withstand 45. 4
kg/m? (100 1b/ft?) . The workstation arrangement for Phase III is shown in
Figure 3.

Figure 1. General Purpose Laboratory and pallet assembly.
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Figure 2, Test facility schematic.

The pallet assembly is a cylindrical half-section, 3.7-m (12-ft) wide
and 4.9-m ( 16-ft) long. The pallet, attached to the west end of the GPL,
simulates the Shuttle system pallet which will be used to mount equipment
requiring direct exposure to space. However, for the Phase III test the pallet
was used to mount equipment and carry out operations which would normally
require a shirt-sleeve environment. This approach was followed to facilitate
testing and not to simulate actual pallet operations. Pallet-mounted equipment
(Fig. 4) included three equipment racks, two eight-channel recorders, eleven
gas bottles and a tape recorder. Most of this equipment was associated with the
P1 experiment.



1. Experiment P2 6. Ladder Between Upper and 11. Experiment RI
2, Experiment P3 Lower GPL 12. Experiment Bl
3. Experiment Al 7. General Purpose Workstation 13. Crew Chief's Station
4, Experiment Hl 8. Unassigned Space 14, Experiment Pl
5. Unassigned Space 9. Hooded Workbench/ Surgical Table 15, Experiment H2
10. Experiment R2 16. Experiment P4

Figure 3. CVT/GPL workstation arrangement.

Figure 4. Pallet-mounted equipment.



a. Upper GPL. The upper level of the GPL includes stowage pro-
visions, a general purpose workbench and interface panels for experiment
hardware connections. The upper level was not used for this test.

b. Lower GPL. The lower level of the GPL includes the Crew
Chiet' s station, a general purpose workbench and experiment interface panels.
Stowage provisions include drawer and cabinet space in the workbench unit and
cabinets above the experiment area. Most of the Bioresearch Laboratory
apparatus was installed in the lower GPL, Additional equipment was installed
on the Pallet assembly.

c. Crew Chief' s Conscle. This console was located at the lower
west end of the GPL and contained eguipment for systems monitoring, data
management and communications. It included a talk-a-phone intercom which
provided an audio link to the test control room. Readouts on the console
included percent relative humidity and partial pressure of oxygen for upper and
lower GPL; water pressure, flow and temperature; and facilities vacuum and
GN, inlet pressure. Other items at the Crew Chief' s station included a library
containing equipment drawings, schematics, operating procedures, maintenance
logs and other documentation; and a maintenance repair kit.

d. GPL Access. Personnel access to the GPL is gained through
a 96.5-by 207, 2-cm (38-by 82-in.) airlock doorway at the east end of the GPL.
A 71-by 207.2-cm (28-by 82-in.) emergency doorway is located at the north
side of the GPL ( quick-release for emergency egress). A ladder is located
at the west end of the GPL for access to the upper level. The access opening
between the upper and lower levels is approximately 81.2 by 101.8 cm {32 by
40 in.). A 91.5-by 190.5-cm (36-by 75-in.) hatch on the west end of the GPL
provides access to the pallet assembly.

e. [lumination. All GPL lighting is florescent and is permanently
installed in the upper and lower decks. A master switch is located on the upper
and lower decks to control all the lights on the respective decks. In addition,
some local light switches are provided.

f. Temperature and Humidity Control. Temperature and humidity
control was provided by externally and internally cooled atmosphere and
thermostatically-controlled duct heaters with distribution through fan/coil units
located in the upper GPIL. The system included a humidifier and a dehumidifier.
Conditioned air flowed through the GPL and was then recirculated,



g. Fluids. The GPL was furnished with water, sewage, vacuum,
GN,, missile grade air pressurant, and hot and cold potable water, Waste
water flowed into the sanitary sewage. The vacuum was provided by MSFC-
facility system rated at 3. 99 x 1072 N/cm® (3 torr) and a small vacuum pump
rated at 1.33 % 1072 N/em?® (0. 1 torr). Internal fiftings for access to the
vacuum system are standard AN 1.27-cm (0. 5-in.) bulkhead fittings. The
pressurant gases are GN, and missile grade air at 68,94 N/cm? (100 psi).
Gas fittings are standard 0.64-cm (0.25-in.) bulkhead fittings. Three fluids
interface panels are located on the upper level and four are located on the
lower level.

h. Power. All GPL power was derived from a 208, 3-phase, 60 Hz
line source. A motor-generator unit provided automatic restoration of full
power to the GPL within three seconds, in the event of a line power failure.
Power available for GPL experiments included 28 Vde, 110 Vac, and 220 Vac
(singie-phase, 60 Hz). Also, a 120/208, 3-phase, 400 Hz source was available
upon request by an experimenter. Two electrical power panels were located on
the upper level and four were located on the lower level.

i. Communications. Audio and visual communications systems
were provided for continuous communication between the GPL and external
facilities and for monitoring and recording mission activities., The audio com-
munications system included transmission links between the GPL and the test
control room, and between the test control room, pallet, and data handling
room. Wireless microphones and pocket transmitters were used by the GPL
crew for communications with external support facilities. Pocket transmitter
signals were picked up by an antenna in the GPL and hardlined to the test con-
trol room receivers. Headsets were worn by the test conductor, video control
operator, and principal investipators. Voice transmission from the GPL was
also provided through speakers in the test conductor' s room and in the test
observation room. General transmission from test control to the GPL was
hardlined to two speakers, located in the upper GPL. In addition, a talk-a-
phone system was located at the crew chief' s console and was used for com-
munications between the crew chief, test conductor, and video control operator.

The video communications system included five cameras located in the
lower GPL. Video signals were hardlined to displays at the test conductor's
console, the {est observation room, and the video control room.

j. Instrumentation. Instrumentation wiring installed in the GPL
provided for monitoring and recording experiments and GPL systems hardware.
The outputs of 34 transducers measuring temperature, power, and other
GPL/experiment parameters were routed to the data handling room for



continuous recording and selective monitoring, A complete measurements list
is given in Appendix B. Additional measurements were routed to local strip
charts and monitoring displays. A systems monitor panel, located outside the
north door of the GPL, provided continuous menitoring of five parameters,
including GPL temperature, vent system No. 1 { rat exhaust fan), vent system
No. 2 (monkey exhaust fan), air conditioning system No. 1 (external}, and air
conditioning system No. 2 (internal). The GPL temperature was displayed on
a meter having a range of 0 to 300" F (-17.7 to 148.9° C). Display devices for
the vent and air conditioning systems consisted of two system condition lamps;
a green lamp denoting operation within tolerance limits and a red lamp denoting
operation out of tolerance limits.

2. Support Facilities. GPL support facilities included the test control
room, data handling room, and bioclean room.

a. Test Control Room. The test control room is located near the
GPL in room 158-A, building 4619. It contains the Test Conductor's Console,
Video Control Conscle, and a general ohservation area, It is the center for
external test operations.

The Test Conductor' s Console ( Fig. 5) included audio/visual commu-
pications links with the GPL and external workstations and displays for monitor-
ing GPL environmental parameters, utilities, and fire detection system. Egquip-
ment in the console included the following:

1. Two 22.8-cm (9~in.) video monitors.

2. Two audio headsets, a microphone, and a speaker.

3. A push-to-talk intercom.

4. Twenty-two gages monitoring relative humidity, vacuum pressure,
air inlet pressure, partial pressure of CO,, partial pressure of methane, cabin
differential pressure, pressure of H,0, partial pressure of O,, air duct tem-
perature, cold H,O temperature, hot HyO temperature, CO level, and H,O flow
rate.

5. Four fire sensor indicator lamps and a fire alarm.

6. FEight facility/utilities power indicator lamps.

The video control console (Fig. 6) included displays for the five video

cameras located in the GPL, with pan-tili-zoom controls for two of the cameras,
and voice communications with the test conductor’ s console and the GPL.
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Figure 5.

Figure 6.

Test conductor' s console.

Video control console.



Experiment activities and commentary were selectively recorded by the video
control operators. The system was capable of recording any four of the five
video channels simultaneously, including the audio signal.

The console included the following equipment:

1. FEight 22.8-cm (9-in.) video monitors.

2. Two pan-tilt-zoom controls for GPL mounted cameras.
3. Four 48.3-cm ( 19-in.) video monitors.

4. Four video tape recorders.

5. Video/audio distribution switches.

6. A push-to-talk intercom.

The general observation area provided an audio/visual display of experi-
ment activities in the GPL and seating accommodations for observers. Edquip-
ment in the observation area included the following:

1. Five 22.8-cm (9-in.) video monitors,
2. A speaker.
3. Chairs for observers and visifors.

b. Data Handling Room. The Data Handling Room was located at
the west end of building 4619, in room 143. It was equipped with an Astrodata
analog-to-digital recording system which provided approximately 100 hardline
data channels for GPL measurements. Thirty-four channels were used for
continuous recording and selective printout of test measurements. All channels
were scanned and 10 selected channels were printed every 50 seconds. Once
each hour, all channels were printed. In addition to the measurements wired
for printout, two acoustical data channels were routed from the GPL to the data
handling room. Acoustical data was recorded for post-test analysis. All data
channels were calibrated between 0745 and 0800 each day, throughout the test,

¢. Bioclean Room. The Bioclean room (Fig. 7) » located in the
high-bay area in the southeast section of building 4612, provided a controlled
environment for housing and working with test animals. It was designed (o
meet the requirements for a Class 100 clean room, according to Federal
Standard 209A. Animals used in the test were transported by van ( Fig. 8)

11



Figure 7. Bioclean room (animals are in shipping cages, having
just been unloaded from Van).

between the airport and the Bioclean room and between the Bioclean room and
the GPL. Backup specimens remained in the Bioclean room during the test.
Bioclean room temperature and humidity were continuously recorded and
monitored during the test.

B. Experiment Integration

Experiment integration involved the determination and implementation
of GPL/experiment hardware interface and facility support requirements.

1. Experiment Descriptions. Ten typical experiments involving three
research areas were conducted. Two experiments concerned medical studies,
four concerned subhuman primate studies, and four were radioisotope tracer
studies. An objective which was common to all experiments was to obtain an
operational assessment of experimental design under conditions representative
of a Spacelab mission.

a. Medical Studies, The studies pertaining to medical measurements
were:

(1) Human Cardiac Dimensions (H1). Echographic measure-
ments of the left ventricular dimensions were made on members of the crew
and GPL support team. Echograms were generated by holding an ultrasonic
transducer against the left side of the subject's chest. The subjects were
tested in a semisupine position. The workstation for these tests is shown in
Figure 9.

12



Figure 8. TUnloading specimen transportation van.

(2) Human Visual Function (H2). The visual parameters of
visual acuity, binocular stereoscopic acuity, accommodation, and fusional
reserves were measured for subjects chosen from the crew and GPL support
team. The apparatus involved in this experiment is shown in Figure 10.

13
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Figure 9.

Figure 10.

Experiment workstation H1.

Experiment workstation H2.



b. Subhuman Primate Studies. The studies pertaining to subhuman
primates were:

(1) Metabolic and Cardiovascular Studies in Monkeys ( P1). The
subject, a pig-tailed monkey ( Macaca nemistrina), was seated in a metabolism
pod throughout testing. The pod, divided into upper and lower halves, permitted
metabolic gas exchange measurements in the upper portion and the application
of negative body pressure in the lower portion., Metabolic gas exchange param-
eters were measured and included oxygen consumption, carbon dioxide produc-
tion, water content, and N, of affluent and effluent air. Metabolic wastes were
collected and frozen for later analysis of basic elements for metabolic balance
evaluation. Heart rate and blood pressure were monitored by implanted
sensors. Food (pellets) was available ad lib; water was limited to one liter
per day. Daily food consumption was recorded automatically and daily water
consumption was recorded manually. Test equipment was located both inside
the GPL and on the pallet as shown in Figures 11 and 12, respectively.

(2) Physiologic Cost of Repeated Monkey Shuttle Sorties { P2).
The test subject was a Cebus albifrons monkey. The subject experienced 12
hours of illumination and 12 hours of darkness per 24-hour period. Physio-
logical parameters were measured continuously by implanted sensors and
included body temperature and heart rate. Urine and feces were collecied and
frozen for recovery and analysis. The subject's gross behavior was visually
scored by the experimenter. Food and water were available ad {ih. The
experiment apparatus is shown in Figure 13.

(3) Photoperiod Effects on Central Nervous System and Physio-
logical Biorhythms of Monkeys { P3). The test subject was a Cebus albifrous
monkey. The subject was exposed to constant illumination, 24 hours daily.
Physiological parameters, which were measured continuously by implanted
sensors, included heart rate, EEG, and body temperature. Body weight was
recorded pre- and posi-test. The subject' s excrements were collected and
frozen for recovery and analysis. Food and water were available ad lib. The
experiment apparatus is shown in Figure 13.

(4) Histopathology and Histochemistry of Rhesus Monkeys ( P4) .
The test subject was a Rhesus monkey { Macaca mulatta). The subject was
maintained unrestricted in a cage and was provided with food and water ad lib.
A blood sample was obtained during the testing period for red and white blood
cell counts and smears were made for differential counts. The experiment
apparatus is shown in Figure 14,



Figure 11. GPL workstation for experiment P1,

Figure 12. Pallet-mounted equipment for experiment P1.
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14. Workstations for experiments P4, A1l and H1.
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c. Radioisotope Tracer Studies. The studies utilizing radioisotope
tracers were:

(1) Hemolytic Rate of Young and Senescent Red Blood Cells of
Rats (R1). The test subjects consisted of six rats, comprising three groups
A, B, and C of two rats each. Each subject was injected with 70 microcuries
of 2-!* C Glycine 55 days prior to the onset of testing. The subjects were
exposed to 12 hours of illumination and 12 hours of darkness daily. Food and
water were available ad lib. Each group experienced different experimental
atmospheres. Group A was exposed to a pure oxygen atmosphere, Group B to
a normal air atmosphere, and Group C to an atmosphere composed of 95 per-
cent oxygen and 5 percent nitrogen. Approximately 30 breath samples were
collected in soda-lime discs for each subject during testing. The experiment
apparatus is shown in Figure 15.

(2) Pituitary Function, Plasma Enzymes, and Bone Metabolism
of Male Rats (R2). The test subjects consisted of six rats. Each ratwas
injected with 25 microcuries of 4c_proline 30 days prior to the initiation of
testing. The rats were maintained in metabolic cages with food and water
available ad lib. The rats experienced 12 hours of illumination and 12 hours of

Figure 15. Workstations for experiments R1 and R2.

18



darkness daily and were monitored by television for a period of 30 minutes
daily. Daily measurements included the amount of food and water consumed,
tail length and body weight. Feces and urine were collected daily and frozen
for recovery and analysis. On the final day of the mission, blood samples were
obtained by cardiac puncture from each animal, centrifuged, and the plasma
frozen. All animals were subsequently decapitaied, tissue samples taken,
weighed and frozen. The pifuitary, adrenals, left tibia/fibula and femur were
dissected from the carcass and frozen. The test equipment is shown in

Figure 15.

(3) Quantitation of Calcium Dynamics of Chickens (Al). A
Single Comb White Leghorn chicken { Gallus domestica) was injected with
strontium 85, 10 days prior to initiation of test. Parameters measured
included ¥Sr resorption rate and EKG (by telemetry). Excrements were frozen
for recovery and analysis. The workstation for this experiment is shown in
Figure 13.

(4) Metabolism and Energetics in a Higher Plant ( Blj. Twenty
dwarf marigold seedlings ( Tagetes patula, var. Petite Gold) were maintained
in a controlled environment. Morphological and metaboelic responses were
cbserved. The plants were kept on a 12-hour light, 12-hour dark, illumination
cycle. Measured amounts of food and water were administered daily in the
form of 1/2 strength Hoagland' s solution. The study consisted of four parts as
follows:

a. Photosynthesis and respiratory measurements
b. Glutamic amino acid metabolism ( using ¥C-glutamic acid.

¢. Lignification measurements and leaf epinasty ( by time lapse
photography) .

d. Respiration and trace contaminant measurements (using a
CO,/ 0, gas exchange chamber).

The experiment workstation for this experiment is shown in Figure 16.

2. Integration Procedure. GPL/Experiment integration required an
understanding of GPL support facilities and interface accommodations by the
experimenters { ARC)} and an understanding of experiment hardware support
and interface requirements by the integrators { MSFC). The development of
this mutual understanding began in March 1974, during the installation of
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Figure 16. Workstation for experiment B1.

experiment hardware in the integration fixture at ARC, and continued until

testing was initiated in July 1974. The implementation of experiment hardware
interface requirements involved modifications to the GPL and support facilities
and the process of assembly, installation, and checkout of systems in the GPL.

a. Integration Requirements. The candidate experiment equipment
was installed in the lower GPL and on the Pallet assembly. Some equipment
for the P1 experiment was mounted on the Pallet for ease of operations rather
than simulation of flight conditions; normally, the experiment would be located
inside the GPL (Spacelab). Figures 17 and 18 show the interior lower level of
the GPL, looking from west to east, before and after experiment equipment was
installed. The interface/integration requirements for the installation of Life
Sciences equipment are given in Appendix C.

b. GPL Modifications. The GPL ventilation and air conditioning
system was modified to accommodate CVT/GPL Test IIl. The bioresearch
support equipment included a hooded workbench ( Figs. 19 and 20) which was
used as a workbench and surgical table, as required. An industrial vacuum
cleaner was connected to the hooded workbench to provide approximately
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Figure 17. GPL lower level before experiment
equipment installation.

Figure 18. GPL lower level after experiment
equipment installation.
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Figure 20.

Hooded workbench/surgical table used in experiment R2.



7.1 m®/min {250 £t5/min) ventilation flow for the workbench. Two squirrel
cage blowers, originally used in the Skylab test system, were used to provide
ventilation in plant and animal cages. The blowers moved air through charcoal
and glass fiber filters. One blower was used to ventilate the Bourne and Winget
monkeys and the Beljan rooster. The other blower provided ventilation for the
rats and plants.

Cool air was routed from the GPL air conditioning system to the plant
module lights to keep the module cool.

The external airconditioner was changed from 100 percent outside air
to 100 percent recirculated air for Phase III.

c. Facility Modification. Several modifications were made to the
GPL support facilities as a result of CVT/GPL Test II recommendations and as
required to support Test IIl. Modifications inciluded the addition of vacuum
pumps, bottled gases, battery operated RF microphones, and TV monitors for
test observers.

(1) Vacuum System. Two vacuum pumps were installed to
maintain a constant negative pressure on the P1 monkey pod. Also, an auxiliary
vacuum system was manifolded into the console for the P1 monkey. This unit
was provided as a backup in the event of failure in the primary system. The
purpose of the system was to provide constant air flow in the upper half of the
pod.

(2) Bottled Gases. Thirteen hottles of pressurized gases were
provided to support Test III. Racks for mounting 11 gas bottles on the GPL
pallet were provided. Replacements of expended bottles were made as
required.

MSFC provided nine bottles of gases which effectively satisfied
the requirements of the rat and plant studies. A list identifying the quantity and
contents of gas bottles provided by MSFC is as follows:

(a) Five bottles of compressed breathing air, containing a
minimum of 20 to 23 percent O, by volume with maximum impurities of not more
than 500 ppm as CO,, 10 ppm as CO, 0. 005 milligrams per liter as oil and
particles, and 0. 02 milligrams per liter as H,0,

{b) One bottle containing 100 percent nitrogen.

(c) One bottle containing nitrogen with 17 percent Gy

(d) Two bottles containing air with 570 ppm CO,.
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ARC provided four bottles of gases which satisfactorily fulfilled
the requirements of experiment P1. The quantity and contents of gas bottles
provided by ARC was as follows:

(2} One bottle containing compressed breathing air.

(b) One bottle containing 20 percent Oy, 1 percent CG,, and
79 percent Ny.

(c) One bottle containing 19.5 percent Gy, 1.5 percent CQy, and
79 percent No.

(d) One bottle containing 19 percent Oy, 2 percent CO,, and
79 percent N,.

(3) Communications. The capability to address all GPL work-
stations simultaneously and for crew members to communicate with external
personnel without interrupting experiment activities, was provided by the addi-
tion of battery operated RF microphones. RF microphones were used by the
Test Conductor, the Pallet equipment monitor, and the experimenter in the
GPL.

{4) Observation Area. The area in the Test Control Room
adjacent to the Test Conductor' s and Video Control rooms was equipped with
five TV monitors and a speaker to display GPL activities and associated com-
mentary for test observers, principal investigators and visitors.

C. Test Operations

Test operations included the transfer of equipment and experimental
subjects between MSFC, ARC, Baylor University, and Rice University; the
pretest checkout of GPL systems; and the conduct of integrated test runs.

i. Experiment Hardware and Specimen Transfer. Test equipment and
specimens were carried to and from MSFC by commercial van lines or hy the
NASA-10 aircraft { Gulfstream). Delicate items, such as electronics and
balance scales, were shipped by air. The plants were shipped by auto, Animals
were shipped by air, arriving approximately one week prior to the test. The
animals were then carried by van from the airport to the bioclean room to await
installation in the GPL. Non-delicate equipment, including a refrigerator,
equipment racks, and animal cages, was shipped by truck. Most of the support
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equipment arrived at MSFC approximately one month prior to the test, which
was sufficiently in advance of the test to allow for smooth installation and
checkout.

2. Pretest Checkout. Subsequent to the installation of all experiment
equipment in the GPL, a pretest checkout was conducted. This checkout was
designed to insure the operability of all GPL and experiment systems. The
following GPL and experiment support system conditions required verification
prior to the initiation of testing:

a. The operation of both internal and external GPL air conditioning
systems.

b. The operation of experiment vent systems.

¢. The activation of the GPL vacuum system and the operation of its
small vacuum pump. ‘

d. The calibration, manning, and operation of the instrumentation
system.

e. The manning of the positions of test conductor and mission manager
and the TV consoles, as required to support the test.

f. The reporting of the payload specialists to the test conductor.

The following procedure provided verification of the GPL emergency
power system:

a. Place the emergency power test switch into the "'test'' position and
verify that the generator and GPL systems function properly.

b. Place the emergency power test switch into the ""'normal' position
and verify that the GPL systems operate properly using facility power.

Pretest checkout procedures for the verification of GPL/experiment
system interfaces are given in Appendix D.

3. Test Team. Test operations were carried out by a test team con-
sisting of the Mission Manager, the GPL Test Conductor, a support organization,
and the GPL crew. The operations test team structure is indicated in
Figure 21. ‘
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Figure 21. Operational test team.

a. Mission Manager/Test Conductor. The Mission Manager was
responsible for coordinating pre- and post-test activities and preparing test
documentation, When testing was initiated, the Mission Manager assumed the
duties of Test Conductor, directing the GPL operations and coordinating
external activities. The Test Conductor directed the daily test briefings and
the final debriefing.
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b. Test Support. The test support organization included an engineer
with on-call assistance, a bieclean room operator, an on-call medical doctor,
and investigators to provide ground support for GPL ¢rew members.

¢c. GPL Crew. The crew was composed of three payload specialists
{ onboard investigators), responsible for conducting the Life Sciences candidate
experiments, and a crew chief, responsible for supporting test operations and
ohtaining documentary data.

4. Agenda. Test organisms were transferred from the Bioclean Room
to the GPL on Sunday, July 14, 1974, Test activities began the following
Monday and were concluded on Friday, July 19, 1974, Each day hegan with an
0800 briefing of all personnel to review the previous day' s activities and the
plans for the current day. Testing was initiated each morning at 0830 and con-
cluded each afternocon at 1600, daily. Test organisms were removed from the
GPL and transferred to the Bioclean Room on Friday morning. The final
debriefing was held on Friday afternoon. The daily GPL fest activity schedule
is given in Figure 22.

5. Documentation. Testing was conducted in accordance with ""CVT/
GPL Phase I Test Plan and Procedures," MSFC drawing number 10M33227,
dated July 1, 1974, Copies of this document may be obtained from the MSFC
repository. The following is a complete list of the documentation which was
generiated in support of the test:

a. Intercenter Agreement MSFC/ARC/JSC/NASA HQ.
b. Experiment Interface Requirements Matrix
c. Test Plan and Procedures
d. Bioclean Room Operating Procedures
e. ORI Committee Report
This relatively small amount of documentation is considered a significant

improvement with respect to the documentation requirements for a typical
CV990 test,
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I1l. RESULTS AND DIVSCUSSION

A. Experiment Integration

The use of an integration fixture to mount experiment equipment and
perform preliminary tests of hardware and procedures, prior to installation in
the GPL, was an effective approach to determining integration requirements and
preparing for GPL test operations. No major problems were encountered during
the experiment hardware integration process. In some cases, hardware inter-
face connections established at the integration fixture required modifications to
accommodate user equipment. Some of the power connections with the inte-
gration fixture were determined to be incompatible with GPL experiment inter-
face panels, e.g., equipment which was hardwired into the integration fixture
required the addition of plugs in order to mate with the GPL power system.

The utility of the integration fixture which was demonstrated in pre-
paring for the test strongly suggests that this concept be considered for the
integration of experiment payloads for Spacelab missions.

B. Operations

A detailed log of events and problems which occurred during test opera-
tions is given in Appendix E. Results and discussion relevant to test specimen
transfer, communications, photography, activity documentation, crew chief
functions, stowage, pretest operations, and maintenance are given below.

1. Specimen Transfer. The transfer of specimens from Ames to the
MSFC Bioclean Room, from the Bioclean Room to the GPL, and the return to
Ames wag very smooth. The NASA-10 aircraft and the air conditioned ground
transportation van functioned to the satisfaction of the Ames personnel.

2, Communications. Audio communications were improved with respect
to the previous Bioresearch Laboratory test. However, some problems
encountered will require attention for better communications in future tests.

The first day of testing was interrupted because of an intermittent malfunction
in the Test Conductor' s headset. Reception of the Test Conductor in the GPL
was normally good but occasionally weak. Communications between the Beta
(video control) console and the GPL were inadequate. Communications between
the pallet and the GPL were difficult due to background noise. A headset was
used by the investigator on the pallet during the last three days of the test to
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help alleviate this problem. Communications between the Payload Specialists

( experimenters in the GPL) and the Principal Investigators (ground control)
during the test was not planned. However, there was considerable communica-
tion between these personnel which was accommodated through the Test Con-
ductor! 8 console. This sometimes caused traffic problems in the Test Con-
ductor's area. The effect of these problems on the total test operation was
considered relatively insignificant.

Communications systems improvements suggested by experimenters
included a push-to-talk system to avoid inadvertent cross-talk and a direct
audio-visual channel between principal investigators and payload specialists.
Direct communications between principal investigators on the ground and
experimenters on orbit was strongly recommended.

3. Photography. Photographic coverage by the mission manager for
documentation purposes was excellent and non-intrusive. However, the adjust-
ment of TV cameras within the GPL by crew memhers proved to be periodically
intrusive. As a result, it was suggested that a control panel permitting com-
plete adjustment of all TV cameras from a point external to the GPL be
provided.

The presence of unscheduled visitors proved to be intrusive at times.
It was suggested that a particular time period be scheduled solely for the pur-
pose of accommodating the photographic coverage requirements of such visitors.
Another suggestion concerned the need for a closed loop audio-video system
providing coverage of each experiment. It was suggested that this could
facilitate communications among experimenters and ground based scientific
investigators.

4, Activity Identification/ Documentation. With three payload specialists
working continuously on a variety of experiments involving complex acitivities,
it was sometimes difficulf to correlate action displayed on the video monitors
with a specific location or experiment function. It was suggested that displays
be developed to provide better identification of what is being done and at what
location.

The practice of each payload specialist giving a verbal summary of what
was accomplished, prior to signing off for the day, was recommended.

Color television was suggested as a means for enhancement of experi-
ment documentation.

An up-link video monitor was suggested as a means to better convey
information from ground control to experimenters in the GPL.
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5. Crew Chief Functions. The non-scientific duties required to carry
out the mission were performed by the crew chief as planned. Those duties
included systems startup, monitoring and shutdown, GPL instrumentation
monitoring, documentary photography, maintenance, trash management,
changing the environmental control system filters, coordination between pay-
load specialists and external support personnel, and keeping a log of observa-
tions concerning the total operation. The most demanding function of the crew
chief was the setup and manipulation of photographic equipment. It was observed
that while the crew chief' s duties were essential to the mission, they did not
necessarily require the full time participation of one individual. Considerable
free time was inherent in the scheduled experiment activities. It was suggested
that this time might be applied to non-scientific functions, dividing the workload
between the three payload specialists, which would eliminate the need for a
crew chief, as presently defined.

6. Btowage. An excessive number of small miscellaneous items were
carried into the GPL during the test. Stowage of such items in the GPL, prior
to test initiation, was recommended. The trash cans provided for cage waste
stowage were too small.

7. Pretest Operations. It was recommended in future tests that the
animals be moved into the GPL soon enough to allow at least one day for a dry
run prior to starting the test. It was felt that many of the problems encountered
during the first day of testing would not have occurred if more time for check-
out of procedures and operations had been available before the test.

8. Maintenance. As an aid to operating and maintaining equipment, it
was recommended that operating manuals for all equipment be located in the
GPL.

9. Summary of Results. The following is a summary of results per-
taining to test operations:

a. Test specimen transfer within and between centers was accomplished
in a smooth and timely manner.

b. Minor problems which occurred in the audio communications system
were resolved without causing significant loss of experiment data.

¢. Communications was frequently required between principal investi-
gators, located in the test control room, and payload specialists, located in the
GPL, and this occasionally resulted in overloading the Test Conductor's
facilities.
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d. Photographic coverage of experiment activities by the crew chief was
non-intrusive.

e. Television Coverage of experiment activities was largely non-
intrusive but required some camera adjustments which were slightly intrusive.

f. It was sometimes difficult to correlate action displayed on the video
monitors in the observation room with a specific location or experiment
function.

g. Non-scientific duties were performed by the crew chief as planned.

h. An excessive number of small miscellaneous items were carried
into the GPL during the test.

i. Trash cans provided for cage waste stowage were too small.

j. Transfer of test specimens into the GPL the day hefore the test did
not allow enough time for debugging all systems and procedures prior to test
initiation.

k. Equipment operation and maintenance manuals, which would have
been useful on occasion, were not available on the GPL,

C. Experiments

The following results and discussion concern the identification of candi-
date experiments, the assignment of candidate experiment responsibilities to
Payload Specialists, candidate experiment problems, and the effectiveness of
the Payload Specialist concept.

1. Identification and Assignment of Experiments, Ten candidate
experiments exercised during CVT Test III provided data utilized in the pur-
suance of the investigation of three research areas: medical studies, subhuman
primate studies, and radicisotope tracer studies. Responsibilities for exer-
cising the experiment protocols were divided among three experimenters.
These payload investigators ( specialists} included Drs. 8. T. Taketa, P, X.
Callahan, and R. Simmonds. Detailed operating procedures for each of the
candidate experiment protocels are provided in Appendix F.

The candidate experiment protocols conducted by Dr. Taketa, who also
served as science manager and coordinator, included; Metaholic and Cardio-
vascular Studies of Monkeys ( P1), Human Cardiac Dimensions (H1), and
Human Visual Function { H2). Protocols exercised by Dr. Callahan included;
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Hemolytic Rate of Yound and Senescent Red Blood Cells of Rats (R1), Pituitary
Function, Plasma Enzymes, and Bone Metabolism of Male Rats (R2), and
Metabolism and Energetics in Higher Plants { B1). Those protocols conducted
by Dr. Simmonds were as follows: Physiologic Cost of Repeated Monkey Shuttle
Sorties ( P2), Photoperiod Effects on Central Nervous System and Physiological
Biorhythms of Monkeys (P3), Histopathology and Histochemistry of Rhesus
Monkeys (P4), and Quantitation of Calcium Dynamics of Chickens ( A1).

2. Candidate Experiment Problems. Although several minor problems
involving individual candidate experiments occurred on the first day of testing,
they were expediously resolved, enabling experimenters to adhere closely to
experiment protocols and the same daily schedule of experimentation throughout
the test period. Problems associated with individual experiment protocols had
a minimal impact upon the total data package and, in the opinion of the experi-
menters, the objectives of the candidate experiments were satisfactorily
accomplished.

3. Payload Specialist Concept. The technique of utilizing a Payload
Specialist to exercise the candidate experiment protocols of a number of
Principal Investigators was again satisfactorily demonstrated.

4. Summary of Results. Results derived from exercising the candidate
experiments during CVT Test Il are summarized below:

a. All experiment objectives were accomplished.

b. Experiment protocols and the daily activity schedule were closely
followed.

c. The operational problems encountered were minor and were resolved
without significantly impacting any experiment,

d. The Payload Specialist concept was again successfully demonstrated.

D. Facilities

Results and discussion concerning GPL power consumption, environ.
mental control, and external support facilities are given below.

1. Power Consumption. The total electrical power consumption for the
GPL, including all GPL experiment systems, experiment support systems, and
environmental control systems, was continuously recorded on a stripchart., The
stripchart recordings were analyzed to determine peak power consumption
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within each 1-hour and 6-hour interval. Peak power for these intervals was
then plotted, as shown in Figures G-1 and G-2, Appendix G. Referring to the
1-hour increment curve, peak power was a minimum of approximately 3.2 kW
during the night before experiment activities were initiated and a maximum of
12,8 kW during the afternoon of the fourth day of testing, when experiment
activities were nearing the finish. The average peak power increased from
approximately 8.9 kW on the first day of testing to 10.5 kW on the fourth day of
testing. Average peak power throughout the four days of testing was approxi-
mately 9.2 kW. Peak power levels did not vary appreciably from the minimum
power levels during a given l-hour interval, so that the peak power curve also
serves as a rough approximation of the average power level for the GPL. Using
this approximation for average power level, the total power consumed during
the four days of experimentation was calculated to be 883 kW-h. Separate
measurements of GPL systems power and experiment systems power are pre-
sented and discussed in Appendix G.

It was not necessary to activate the emergency electrical power system
during the test.

2. Temperature. Copper constantan thermocouples were used for GPL
systems and experiment module temperafure measurements., These measure-
ments were recorded continuously through the Astrodata system and hourly in
the GPL log. Measurements which were recorded in the GPL log are sum-
marized in Tables H-1 and H-2, Appendix H.

The temperature range originally specified for specimen cages was
22.5+1.1°C (72.5 +2°F). This requirement was relaxed to 22.8 +1.7°C
(73 £3°F) during the test. The provisions for monitoring specimen cage tem-
perature in the GPL were inadequate. This resulted from thefact that specimen
cage temperatures were not identified in the interface requirements as the most
significant measurements. It was assumed that the cage temperatures would
follow the GPL lower deck ambient temperature. Shortly after the specimens
were moved into the GPL, a 3.3 to 4£.4°C (6 to 8° F) spread in temperatures
between cages was nofed. Since no arrangements were made to display the
temperatures except through the data handling room, 24-hour operation of the
data handling room was instituted the night before the test began. This tempera-
ture data from each cage was used to maintain the cage temperatures hetween
21.1°C and 24.4°C {70°F and 76°F}. The cage temperatures were manipulated
by adjusting air flow through each module, heater strips in the GPL ducting,
GPL azir conditioners, and portable fans inside the GPL. Balancing these tem-
peratures was a constant problem after each day's testing. Overall, this
technique, while difficult, was successful in keeping temperatures properly
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adjusted. Analysis of the temperature data recorded in the GPL log shows that
the temperatures in specimen cages were held between 20. 2 and 26. 1°C (68. 4
and 78.9°F) and averaged 23.1°C {73.5°F) for the entire test. Instances in
which the specified limits were exceeded are summarized in Table H-3,
Appendix H. It should be noted that temperature excursions outside the 21.1°C
to 24.4°C (70°F to 76° F) range would not negate an experiment or be harmful
to fest specimens unless extreme deviations occurred,

The acceptable temperature range for the GPL was 22.8 +1.7°C (73
+3°F). According to the temperature data recorded from the systems monitor
panel { GPL parameter measurements log, Appendix H}, the GPL temperature
was held within acceptable limits throughout the test. These data indicate an
average GPL temperature 22.8°C {73. 1°F), within a minimum of 22.2°C (72°F)
and a maximum of 23.9°C (75°F). However, the reference junction tempera.
ture for this readout had been checked with a thermometer which was found to
be out of calibration after the test. The reference junction was then checked
with an accurate thermometer and it was determined that the affected data should
be corrected upwards by 1.1°C (2° F). Applying this correction to the data
recorded during the four days of active experimentation, the actual GPL tem-
perature range was 23.3°C to 25.(° C (74° F to 77° F) and the average tempera-
ture was 23.9°C (75.1° F).

3. Humidity. Percent relative humidity in the GPL, as recorded in the
GPL log, Appendix H, averaged 45.5 during the test. The minimum humidity
was 38 percent and the maximum was 51 percent.

4, Acoustics. Two channels of acoustical data were recorded on an
8-hour/day basis from microphones located in the east and west ends of the
GPL. Three segments were selected from the data which are considered
typical of a relatively quiet period, a period with an experiment in progress,
and a period ef general test activity. A spectral analysis was performed on a
sample from each of these segmenis. Sound level and spectral analysis charts
are given in Figures J-1 through J-5, Appendix J. Figure J-1is a typical
sound level chart, inciuding all frequencies, which was recorded during the
first day of testing. Figures J-2 through J-5 show the sound levels and fre-
quency band distribution for the three typical activity periods. These charts
were derived from data recorded on the second day of testing. All sound level
measurements were recorded and played back for analysis on the B-scale.

Figure J-2, Section 1, shows that the average background noise level
was approximately 71 dB. The spectral analysis chart { Fig. J-3} for this sec-
tion shows that the 71 dB average level was the result of a continuous 71 dB
ambient input which was limited to the relatively low 120-140 Hz range. Back-.
ground noise in the 150-1400 Hz range averages approximately 60 dB. Sound
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levels during the period with an experiment in progress ( Fig. J-2, Section 2)
average 73 to 75 dB. The spectral analysis for this segment (Fig. J-4) indicates
that the average level in the 150-1400 Hz range was approximately 63 dB with
peak values of 73 dB in the 180 to 280 Hz range. The sound levels during a
period of general test activity (Fig. J-2, Section 3) appear to be similar to

those generated with one experiment in progress. However, the sample used

for spectral analysis (Fig. J-5) of this period happens to cover a short interval
of relative quiet. Thus, Figures J-3 and J-5 are nearly identical.

The 71 dB input in the 120-140 Hz range is present on all of the spectral
analysis charts. Apparently this is a continuous input which may have originated
from transformers or motors which were operating in the GPL.

The peak noise levels generated during the test were not excessive and
the average levels were very comforfable.

5. Lighting. Lighting was satisfactory in the GPL with the exception of
a few dark areas and some mincr problems in controlling light and dark periods.
It was too dark in the P4 monkey area. Light from the electronic panels had to
be masked fo avoid illuminating the plants during scheduled dark periods.
Power for the hooded workhench was not routed through the timer which con-
trolled light and dark periods in the GPL. Consequently, the workbench lights
did not go off when the main power was cut. If was also nofed that the timer
*was not sufficiently accurate to provide precise light and dark period control.
It was suggested that a complete power-up, power-down checklist for all experi-
ment and experiment support systems be developed for future tests. Individual
light and temperature control, programmed for each animal and plant module,
was suggested as a method for maintaining strict experimental conditions,
independent of the general GPL envivonment.

6. Ingress/Egress Cycles. Equipment was installed in the GPL to
measure the number of personnel passages through the CVT/GPL east and
northwest doors. The photocell equipment at the northwest malfuncticned after
a few hours and could not be corrected without disturbing test operations. It
was left inoperative, although the northwest door was used more heavily than
the east{ door. The east door registered 1204 operations between 11:00 p. m.,
July 14 and 3:30 p. m., July 19.

7. Ventilation System Filtration. Charcoal filiers for the specimen
cage vent systems required only one change during the week of testing.

8. Bioclean Room. The Bioclean Room performed very well as a hold-
ing area for test specimens. The Bioclean room environmental control system
was tested prior to the animal holding period to verify that regquirements were
met. Temperature and humidify inside and outside the Bioclean Room were
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recorded continuously throughout the pretest, test, and post-test activities.
The results of the systems test and a sample of temperature and humidity data
are presented and discussed in Appendix E.

9. Summary of Results. The following is a summary of results per-
taining to facilities:

a. The total power consumption for the GPL during four days of
experiment activity was approximately 883 kW-h.

b. Maximum peak power usage was 12,8 kW which occurred during the
afternoon of the fourth day of testing.

¢. The primary power system functioned properly throughout the test
S0 that emergency power was never required.

d. Individual specimen cage temperature displays were not provided
in the GPL which required continuous monitoring of cage temperatures through
the Astrodata system and frequent adjustment of vent systems to maintain
proper cage conditions,

e. Specimen cage temperatures were held between 20.2° C and 26, 1°C
(68.4°F and 78.9° F) and averaged 23,1°C (73.5°F) for the entire test.

f. Temperature excursions outside the acceptable range 22.8 £1.7°C
(73 +3° F) defined for specimen cages, were infrequent and brief.

g. A calibration error in the reference junction for the GPL temperature
measurement circuit resulted in inadvertently holding the GPL temperature
approximately 1.1°C (2° F} above the nominal 22.8°C (73" F), i.e., throughout
the test the average temperature appeared to be 22.8°C (73.1° F) but it was
actually averaging 23.9°C (75.1°F).

h. Relative humidity in the GPL was maintained between 38 and 51
percent and averaged 45.5 percent.

i. The peak noise levels (approximately 75 dB) generated in the GPL
during the test were not excessive and the average levels (approximately 60 dB)

were acceptable.

j« Lighting in the GPL was generally satisfactory.

37



k. The east door of the GPL was operated 1204 times, The northwest
door operations were not counted, due to an equipment failure, but this door
appeared to have been operated approximately twice as often as the east door.

1. Charcoal filters for the specimen cage vent systems required one
change during the test.

V. CONCLUSIONS

The test was a success from end to end, proceeding effectively through
the definition and implementation of experiment integration requirements,
pretest checkout, test operations, and post test activities. Minor problems,
which occurred before and during the test, were all handled smoothly and did
not significantly affect the final outcome. All experiment ohjectives were met.
The GPL experiment support, environmental contrel, data acquisition and video
control systems performed effectively. The communications system was tem-
porarily ineffective during the first day of testing, but this did not seriously
impede the progress of the test. The Bioclean room and transportation van
functioned as planned in housing and {ransferring test specimens.

A. Experiment Integration

Experiment integration requirements must be defined and experiment/
payload carrier interfaces completely determined prior to the installation of
experiment equipment into the payload carrier. The integration fixture used
for this test was instrumental in the development of integration requirements
and minimization of experiment/GPL interface problems. The success of the
integration fixture concept, which was demonstrated in this test, suggests that
it be considered for application in Spacelab experiment payload integration.

B. Operations

The following was concluded regarding test operations:

1. A direct voice and closed circuit TV link is required between
investigators located on the ground { test control room) and payload specialists
located in the GPL. The controls and displays for this communications link
should be physically separated from the test conductor' s console. An uplink
video menitor would also enhance communications between ground control and
payload specialists.
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2, Difficulties encountered with voice communications were of the work-
around variety and did not seriously disrupt operations. However, further
improvements in the communications gystem are in order.

3. The voice communications between payload specialists and test con-
trol should include a push-to-talk option to avoid inadvertent cross-talk.

4, Video documentation of experiment activities was generally non-
intrusive. However, the system can be improved by providing for complete
control of all camera adjustments from the video control room,

5. A better method of correlating the broad mixture of action and
commentary, as displayed in the test ohservation room, should be developed.
An independent closed-loop audio-video channel for each experiment or explicit
identification of what is displayed by each monitor in the present system would
be an improvement,

6, The non-scientific duties, which were performed by the crew chief,
were essential to the mission hut might have been performed by the payload
specialists during free time available between scheduled experiment activities.
This would eliminate the need for a crew chief with responsibilities as defined
for this test. The validity of this conclusion should be tested by conducting
a similar mission with a crew of three payload specialists, each sharing the
responsibility for non-scientific duties.

7. A dry run with test specimens aboard the GPL should be performed
to exercise all systems and operational protocols before initiating future life

sciences test activities.

8. Operating/maintenance manuals should be available in the GPL for
all equipment.

C. Experiments
The following was concluded regarding experiment activities:
1. Al experiment objectives, which were related to the acquisition of
(1) scientific data pertinent to individual candidate experiments and (2) opera-

tional assessments of candidate experiment designs under conditions represent-
ative of Spacelab, were accomplished to the satisfaction of the experimenters.

39



2, Although candidate experiment protocols and the daily activity
gchedule were followed closely during the test period, some procedural changes
were made until the start of the test and occasionally during the week of testing.
Future testing should require the distribution of updated information concerning
(1) changes in experiment procedures made before the initiation of testing and
(2) procedural changes made by the Payload Specialists during the test period.

3. Only minor operational problems were encountered during testing
and were resolved guickly and effectively. As a result, these problems had a
minimal impact upon the experiments. Although it had no significant impact
upon the experiments, one problem which requires corrective action prior to
future testing concerns inadeqguate provisions for monitoring GPL specimen
cage temperatures. Resistance type temperature sensors with an expanded
scale around the ambient conditions would provide a more accurate reading of
module temperatures. More care should be taken in the placement of measuring
devices within the modules to obtain nominal temperature readings.

4, The feasibility of utilizing a Payload Specialist fo exercise the
candidate experiment protocols of a large number of ground based Principal
Investigators was again demonstrated.

D. Facilities

The following was concluded regarding test facilities:

1. Peak power levels and total power usage were excessive with respect
to Spacelab design requirements. The peak power levels during the test were
typically 8.2 kW and once reached 12.8 kW. Spacelab requirements specify
peak power levels of 9 KW. The total energy allotted to the Spacelab V"'module
only'' configuration is 595 kW-h. The total energy consumed by the GPL during
four days of active experimentation was approximately 883 kW-h, 48,5 percent
greater than the total Spacelab allotment. Extrapolating the four-day estimate
to five days, the total power consumed by the GPL would be approximately
1104 kW-h, which exceeds the Spacelab allotment by nearly 86 percent.

2. Although the temperatures within the various animal cages and plant
modules were generally held within acceptable limits, lack of direct tempera-
ture readouts for each module was a definite operational handicap. Future tests
should include local readouts and ventilation adjustments for each module.

3. The average temperature in the GPIL was maintained within acceptable

limits throughout the test in spite of a calibration error which resulted in shift-
ing the average temperature 1.1°C (2° F) above the nominal 22.8°C (73°F).
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4. The limits specified for relative humidity in the GPL were 40 o 60
percent. During the last day of the test the relative humidity dropped to 38
percent for a 4-hour period. Otherwise, relative humidity was maintained
within the required limits.

5. Noise levels in the GPL were generally within acceptable limits
throughout the frequency range corresponding to normal speech.

6. Light levels were satisfactory throughout the GPL.

7. More precise control of light and dark periods will be required for
future life science tests.

8. The Bioclean room functioned well in support of the test. However,
niore elaborate specimen holding facilities will be required to support Spacelab.
It was suggested that the room be equipped with an air filtration system to
remove animal odors and that separate holding facilities would be required for
each animal species to support Spacelab operations.
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APPENDIX A

CANDIDATE LIFE SCIENCES EXPERIMENTS,
PAYLOAD SPECIALISTS AND EXPERIMENTERS

PRIECEDING PAGE BLANK NOT FILMEX
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Experiment titles and corresponding codes for each of the ten candidate
life sciences experiments are listed below.

Experiment
Code Experiment Title

H1 Human Cardiac Dimensions

H2 Human Visual Function

P1 Metabolic and Cardiovascular Studies of
Monkey s

P2 Physiologic Cost of Repeated Monkey Shuttle
Sorties

P3 Photoperiod Effects on the Central Nervous
System and Physiological Biorhythms of
Monkeys

P4 Histopathology and Histochemistry of Rhesus
Monkeys

R1 Hemolytic Rate of Yound and Senescent Red
Blood Cells of Rats

R2 Pituitary Function, Plasma Enzymes, and
Bone Metabolism of Male Rats

Al Quantitation of Calcium Dynamics of
Chickens

B1 Metabolism and Energetics in a Higher Plant

Identified below are the candidate life sciences experiments exercised by
each payload specialist during the week of testing.

Payload Specialist Experiment Code
Dr. P. X. Callahan R1
R2
Bl
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Payload Specialist Experiment Code

Dr. R. C. Simmonds Al
Pl
P2
P4

Dr. S. T. Taketa H1
H2
P3

Identified below are the investigators, co-investigators, and associate
investigators; their test roles and areas of expertise; the institutions with which
they are affiliated; and the particular candidate life sciences experiments with
which they were associated.

R. Haines, PhD/Ames
Research Center

L. Loper, O.D./Johnson

Space Center

Experiment
Code Scientist/Institution Role/ Expertise
H1 S.T. Taketa, PhD/Ames Science Manager and Payload
Research Center Investigator { Specialist) /
Mammalian and Radiation
Physiologist
H. Sandler, M.D./Ames Candidate Investigator/
Research Center Cardiologist
R. Lee, E.E./Ames Associate Investigator/
Research Center Electrical Engineer
H2 S.T. Taketa, PhD/Ames Science Manager and Payload
Research Center Investigator ( Specialist)/
Mammalian and Radiation
Physiclogist
T. Decker, PhD/Baylor Candidate Investigator/
University Experiment Physiologist

Co-Candidate Investigator/
Experiment Physiologist

Co-Candidate Investigator/
Optometrist
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Experiment

H2 ( Cont' d)

46

Code

P1

P2

P3

Scientist/Institution

R. Williams, E.E./Baylor
University

R.C. Simmonds, V.D.M./
Ames Research Center

C. Winget, PhD/Ames
Research Center

R.C. Simmonds, V.D. M./
Ames Research Center

J.V. Danellis, PhD/Ames
Research Center

C. Winget, PhD/Ames
Research Center

S.T. Taketa, PhD/Ames
Research Cenfer

N. Pace, PhD/University
of California, Berkeley

D. Rahlmann, PhD/
University of California,
Berkeley

D. Rahlmann, PhD/
University of California,
Berkeley

A. Kodama, PhD/
University of California

Role/ Expertise

Associate Investigator/
Electrical Engineer

Test Veterinarian and Payload
Investigator ( Specialist)/
Ames Research Center Staff
Veterinarian

Co-Candidate Investigator/
Comparative Physiologist

Test Veterinarian and Payload
Investigator ( Specialist)/
Ames Research Center Staff
Veterinarian

Candidate Investigator/
Pharmacologist

Candidate Investigator/
Comparative Physiologist

Science Manager and Payload
Investigator ( Specialist}/
Mammalian and Radiation
Physiologist

Candidate Investigator/
Environmental Physiologist

Candidate Investigator/

Environmental Physiologist

Co-Candidate Investigator/
Mammalian Physioclogist

Co-Candidate Investigator/
Mammalian Physiologist



Experiment
Code

P3 ( Cont' d)

P4

R1

R2

Scientist/Institution

R. Mains/University of
California, Berkeley

R.C. Simmonds, V.D.M/
Ames Research Center

G.H. Bourne, PhD/Emory
University and Yerkes
Primate Center

P.X. Callahan, PhD/Ames
Research Center

H. Leon, PhD/Ames
Research Center

P.X. Callahan, PhD/Ames
Research Center

'S. Ellis, PhD/Ames

Research Center

D. Feller, PhD/Ames
Research Center

R. Grindeland, PhD/Ames
Research Center

L. Keil, PhD/Ames
Research Center

K. McDonald, PhD/Ames
Research Center

Role/ Expertise

Co-Candidate Investigator/
Mammalian Physiologist

Test Veterinarian and Payload
Investigator ( Specialist) /
Ames Research Center Staff
Veterinarian

Candidate Investigator

Co-Candidate Investigator and
Payload Investigator
( 8pecialist) / Biochemist

Candidate Investigator/
Environmental Physiologist

Co-Candidate Investigator and
Payload Investigator
( Specialist) /Biochemist

Candidate Investigator/
Endocrinologist

Co-Candidate Investigator/
Mammalian Physicl